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Introduction.
In a recent paper [1] , we have reported the wavelength measurement of the three transitions 2S-8D, 2S-10D and 2S-12D in atomic hydrogen and deuterium. These measurements lead to a new determination of the Rydberg constant which is at present the most precise one. This paper is the first of a series of three, hereinafter referred to as paper I, II and III respectively, in which we give a complete description of the method used to obtain this result. In this paper (I), we present the principle of our method and we describe the experimental set-up which allowed us to observe very narrow signals. Paper II will be devoted to the signal analysis with special regard to the comparison of calculated line profiles with the experimental curves. Paper III will give the details of the absolute wavelength measurement procedure and the Rydberg constant determination.
The Rydberg constant Roo is one of the fundamental physical constants which is important to many areas of physics and chemistry [2, 3] . It is simply related to the other fundamental quantities m (electron mass), e (electron charge), h (Planck constant) and c (velocity of light):
and it is one of the most accurately measured. There are several reasons for the continuous effort to improve its precision. Indeed it plays a key role in all calculations of atomic and molecular levels and in the least-squares fit of the fundamental constant values where it is used as an auxiliary constant (i.e. with a fixed value not subjected to adjustment) [4, 5] . A very precise value of Tïoo is required to test QED calculations of simple systems; two examples are the determination of the H 1S ground state Lamb shift and the comparison between measured and calculated frequency of the positronium 13Si -23Si transition. Since Roi can in principle be measured from the frequency of any of the atomic hydrogen transitions, it provides a severe test of the 1/r dependence of the Coulomb potential which may prove the existence of the "fifth force" [6] . Measurements of .Roo with equal precision in different spectral regions would permit the use of the hydrogen atom as a wavelength-frequency standard in the optical domain [7, 8] .
During the last ten years several measurements of Rea have been performed on atomic hydrogen and deuterium using the refined techniques of high resolution laser spectroscopy. Early discrepancies are now settled and aff recent results are in excellent agreement [1, [9] [10] [11] [12] [13] . The accuracy of Roo has been improved from 3 parts in 108, achieved in the first laser experiment on hydrogen [14] , to a few parts in 101 °. The limit is now given by the accuracy of the present wavelength-frequency standard in the visible, namely the I2-stabilized He-Ne laser [15] . [16, 10, 11] which are the equivalent to the early microwave experiments [17] figure 3 . The metastable atoms, with the proper velocity direction, enter then a second chamber with entrance and exit apertures consisting of two 7 mm diameter diaphragms (see Fig. 4 intensity inside the optical cavity is controlled by monitoring with a photodiode the small portion of the laser light which is transmitted by the cavity end mirror M2.
3.3 DATA ACQUISITION SYSTEM. One major improvement to our original apparatus used for the 1986 measurement of Roo [9] is the use of a microcomputer for the control of several parts of the equipment, and for the data acquisition and analysis. In the data acquisition we have to distinguish between the detection of the two-photon atomic transitions and the recording of all other parameters necessary to get the final result.
After optical excitation of the atomic transition, there are several methods that can be used for detection : fluorescence measurements (for example on the nD-2P transition), field ionization (quite efficient for n &#x3E;25), quenching of the 2S metastable atoms. In the present work we have chosen this third method, detecting the decrease of .the metastable beam intensity. When the atoms are optically excited from the 2S metastable state to a nD Rydberg level, 95% decay to the 1S ground state through a radiative cascade, and the optical transition can be detected as a decrease of the 2S population. The advantage of this method is that all optically excited atoms contribute to the observed signal, independently of their position in the beam. Indeed, figure 4 shows that the metastable atoms are produced just before entering the region of interaction with the laser and detected just after leaving it. Ibe disadvantage is that the signal is detected over the large metastable population background which is not favourable to the signal-to-noise ratio. figure 6 in the case of the 2Si/2 -10Si/2 transition in deuterium. Figure 6a shows the metastable beam intensity and figure 6b the variation of the laser frequency during the run; after the average over ten scans, the two-photon signal clearly appears, as shown in figure 6c. figure 7 , the observed linewidth is 1.1 MHz in terms of total two-photon transition frequency. The natural width of the 10D level is 296 kHz only ; as is described in papers II and III, the main cause of signal broadening is the inhomogeneous lightshift that atoms undergo in the laser beams. The observed relative linewidth is here 1.6 x 10-9.
We have in fact observed linewidths as narrow as 600 kHz (2S1/2 -lOSl/2 transition of Fig. 6) corresponding to a relative linewidth of 7.6 x 10'l0. 
